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Description 

ENERGY EFFICIENT 
EVAPORATION SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] I hereby claim the benefit under Title 35, United States Code, A§1 19(e) 
of United States provisional patent application 60/392,294 filed 
06/27/2002. 

BACKGROUND OF INVENTION 

[0002] The present invention relates generally to evaporation systems, and 
more particularly to an evaporation system and method using a weight 
of condensed liquid as an energy source. 

[0003] Many systems today incorporate the function of evaporating a materials 
a part of a process. As with many systems, the benefits provided by the 
operation of these systems is often limited or sometimes even 
outweighed by their prohibitive operation costs due to both equipment 
costs and energy consumption costs. A prime example of such a limited 
process is a conventional desalinization system. 

[0004] One common method for desalinating brine water is distillation. In this 
process, heat is added to the system where the brine water is 
introduced until the water vaporizes and leaves behind the brine. The 
vapor is condensed and the resulting condensation is salt free water. 
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Vaporizing the water consumes large amounts of energy. Many 
systems utilize compressors, vacuum pumps, heat transfer systems, 
and heat source devices in efforts to control system pressures and 
temperatures needed for evaporation to occur. Each of those types of 
working devices requires either electrical, mechanical, chemical or 
other energy input to operate. While sources of that energy are 
numerous, the costs related to reaching proper levels of temperature 
and pressure have traditionally been great. Other systems that use 
evaporative processes, for example evaporative cooling systems, suffer 
similar problems. 

[0005] Therefore there is a need for a method and apparatus which performs 
evaporative processes in a more energy efficient manner. For example, 
there is a well recognized need for a method and apparatus which 
desalinates brine water into highly pure water in a more energy efficient 
manner. 

BRIEF DESCRIPTION OF DRAWINGS 

[0006] Various objects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the 
exemplary embodiments, taken in conjunction with the accompanying 
drawings of which: 

[0007] FIG. 1 is a schematic of an exemplary evaporation system constructed 
in accordance with this invention; 

[0008] 

FIG. 2 is a schematic of an another exemplary evaporation system 
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constructed in accordance with this invention; 

[0009] FIG. 3 is a schematic of yet another exemplary evaporation system 
constructed in accordance with this invention; 

[0010] FIG. 4 is a schematic of an exemplary distillation system constructed in 
accordance with this invention; and 

[001 1] FIG. 5 is a schematic of an exemplary distillation and refrigeration 
system constructed in accordance with this invention. 

DETAILED DESCRIPTION 

[0012] The numerous innovative teachings of the present application will be 
described with particular reference to the presently preferred exemplary 
embodiment. However, it should be understood that this class of 
embodiments provides only a few examples of the many advantageous 
uses of the innovative teachings herein. In general, statements made in 
the specification of the present application do not necessarily delimit 
any of the various claimed inventions. Moreover, some statements may 
apply to some inventive features but not to others. 

[0013] 

Now referring to the diagrammatic representation in Figure 1 , an 
embodiment of a desalinization apparatus constructed in accordance 
with the principles of the present invention is set forth. The enclosure is 
generally a hollow inverted U-shaped enclosure 10 having a first 
downward extending leg 10a, a second downward extending leg 10b, 
and a curved region 10c. Except where later specified, enclosure 10 is 
a closed system capable of withstanding forces caused by variations of 
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pressure both within the enclosure and between its internal pressure 
and the pressure outside the enclosure. As will be discussed in more 
detail below, variations in pressures within the enclosure enable the 
apparatus to induce phase changes of materials placed within the 
enclosure, in this example, brine water. While this enclosure 10 shown 
in Figure 1 is generally an inverted U-shape, it could be shaped in any 
other manner consistent with the purpose of the apparatus. For 
example, the enclosure could be a straight hollow vertical enclosure. 
The enclosure could also be a generally straight length oriented 
horizontally which after some length first bends into a downwardly 
sloped orientation. After some additional length a second bend occurs 
where the enclosure has a vertical or near vertical region. Downward 
sloped and vertical oriented regions naturally pool condensate as well 
as utilize the weight of the water to reduce pressure in the enclosure 10 
as will be further explained below. Consequently, the U-shaped 
enclosure 10 is an exemplary enclosure consistent with the principles 
the function of the apparatus and is discussed as only one of any 
number of other structural variations that could equally accomplish the 
desalinization process. 

[0014] 

An inlet 14 capable of introducing liquid into the system is located in the 
first downwardly extending leg 10a of the inverted U-shaped enclosure 
10. The liquid is introduced into this exemplary enclosure as a fine mist 
of brine water converted to such form by means of a nozzle or 
equivalent technology. The brine water is preferably in mist form to 
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expose maximum surface area of the material in an effort to aid in the 
quick vaporization of those liquid droplets. In the curved region 10c of 
the inverted U-shaped enclosure 10, a blower 16 is oriented such that 
the input side of the blower faces the first leg 10a and the output side of 
the blower 16 the second leg 10b. The blower 16 defines a lower 
pressure evaporation region 12 in the space within the enclosure 10 on 
the input side of the blower 16, and a higher pressure condensation 
region 18 on the output side of the blower 16. However, the blower 16 
does not serve as a seal between the evaporation region 12 and the 
condensation region 18. The condensation region 18 encompasses the 
space within the inverted U-shaped enclosure 10 between the output 
side of the blower 16 and the liquid level boundary 20. The liquid level 
boundary 20 denotes the interface of the condensation region 18 and 
the liquid region 22. The liquid region 22 consists of a variable volume 
of liquid which is located in the second leg 10b of the inverted U- 
shaped enclosure 10. Additionally, there are two system ports which 
control mass flow through the use of valves or the like. A byproduct port 
26 is located in the first leg 10a below the inlet 14. A liquid port 24 is 
located in the second leg 10b near the bottom of the liquid region 22, 
These valve controlled ports 26 and 24 may serve as mass inputs or 
outputs to the system. 

[0015] 

In operation, the pressures of the evaporation region 12 and the 
condensation region 1 8 are regulated by two major functions of the 
apparatus. First, it must be noted that the mass of liquid in the liquid 
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region 22 acts as a piston within the inverted U-shaped enclosure 10 
insofar as the location of the liquid level boundary 20 affects volume 
and thus the pressure within the system. With the liquid port 24 open, 
the weight of the liquid in the liquid region 22 tends to lower the liquid 
level boundary 20 as liquid flows out of the system through the liquid 
port 24. The change in location of the liquid level boundary 20 tends to 
increase the combined volume of the evaporation region 12 and 
condensation region 18. The increase in volume tends to decrease the 
pressure within both the evaporation region 12 and the condensation 
region 18. The total weight of the liquid in the liquid region 22 is 
regulated by the addition or removal of liquid to that region. Addition or 
removal of liquid is performed such that a predetermined pressure is 
obtained within the evaporation region 12 and condensation region 18. 
The predetermined pressure can be a value where at such pressure 
liquid introduced through the inlet 14 would tend to vaporize. The 
desired pressure value is dependent upon the chemical makeup of the 
liquid introduced to the system through the inlet 14, the desired rate of 
vaporization, and the temperature of the system. Furthermore, the total 
weight of the liquid may be increased beyond the weight necessary to 
achieve a pressure within the evaporation region 12 which would tend 
to vaporize the liquid introduced through the inlet 14. The increased 
weight of the liquid would tend to force liquid out of the liquid region 22 
through the liquid port 24. 



[0016] 

Additionally, operation of the blower 16 affects the pressure within the 
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evaporation region 12 and the condensation region 18. Operation of the 
blower 16 aids the vapor in rising to the upper portion of the 
evaporation region 12. After the vapor has risen, the blower 16 
acquires vapor from the evaporation region 12 and forces that vapor 
into the condensation region 1 8. The forced mass transfer from the 
evaporation region 12 to the condensation region 18 results in a lower 
pressure in the evaporation region 12 than the resulting pressure of the 
condensation region 1 8. The desired pressure difference between the 
evaporation region 12 and the condensation region 18 is such that the 
pressure in the evaporation region 12 would tend to vaporize the liquid 
introduced through the inlet 14 and the pressure in the condensation 
region 18 would tend to condense the vapor back into liquid form. 

[0017] 

Upon introducing the fine liquid mist of brine water into the evaporation 
region 12 having a pressure that tends to vaporize water, the water 
content of the brine water mist is vaporized, thereby desalinating the 
brine water and separating the water from the brine which does not 
vaporize but remains in the evaporation region 12. Vapor is then 
removed by the blower 16 from the evaporation region 12 and forced 
into the condensation region 18. Since the condensation region 18 has 
a pressure that tends to condense the water vapor, the vapor 
condenses into liquid form. The water condensate accumulates in the 
condensation region and the weight of the condensate draws the 
condensate downward from the condensation region 18 until it joins the 
liquid region 22 at the liquid level boundary 20. The accumulation 
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would, over time, tend to affect the location of the liquid level boundary 
20 resulting in a fluctuation of volume and pressure within the 
evaporation region 12 and condensation region 18. The fluctuation is 
regulated or avoided by regulation of mass flow through the liquid port 
24, preferably by matching the rate of liquid out of the liquid port 24 to 
the rate of condensate accumulation, resulting in a stationary liquid 
level boundary 20. The liquid flowing from the liquid port 24 is 
desalinated water. 

[0018] 

Now referring to the diagrammatic representation in Figure 2, a second 
exemplary apparatus for desalinization of brine water is depicted. This 
apparatus is similar to the apparatus of Figure 1 but with the 
incorporation of a heat transfer system 28. The heat transfer system 28 
transfers heat from the condensation region 18 to the evaporation 
region 1 2. The transfer occurs through the use of two heat exchangers, 
an absorbing heat exchanger 32 and a rejecting heat exchanger 28. 
The absorbing heat exchanger 32 brings heat into the heat transfer 
system 28 while the rejecting heat exchanger 30 releases heat from the 
heat transfer system 28. Performance of the heat transfer tends to 
lower the temperature of the condensation region 18. Lowering the 
temperature in the condensation region 18 aids in the condensation of 
the water vapor present in the condensation region 18. Likewise, the 
transfer of heat to the evaporation region 12 tends to raise the 
temperature of the evaporation region 12. Raising the temperature in 
the evaporation region 12 aids in the vaporization of the fine liquid mist 

APP_ID=1 0604073 Page 8 of 23 



of brine water. 



[0019] 

Figure 3 depicts an exemplary heat transfer system based on a 
Rankine cycle to perform the heat exchange. The Rankine cycle heat 
transfer system 34 in this exemplary desalinization apparatus 
implements a refrigeration cycle having a compressor 36 which 
compresses refrigerant and forces refrigerant flow a condensing heat 
exchanger 38, an expansion valve 40, and an evaporative heat 
exchanger 42. The refrigeration cycle discussed herein is exemplary 
and it is to be understood that other heat transfer systems can be 
substituted therefore. In this exemplary system, compressed refrigerant 
flows to the condensing heat exchanger 38. As the compressed 
refrigerant enters the condensing heat exchanger 38 at a high 
temperature, heat is transferred to the evaporation region 12. The 
refrigerant generally leaves the condensing heat exchanger 38 in liquid 
form. As the refrigerant flows from the condensing heat exchanger 38 
and approaches the evaporative heat exchanger 42, it passes through 
a flow restriction device, in this case an expansion valve 40, which 
causes the refrigerant to boil within the evaporative heat exchanger 42. 
Boiling refrigerant reduces the temperature of the evaporative heat 
exchanger 42 and consequently reduces the temperature of the 
condensation region 18 by exposing the cold evaporative heat 
exchanger 42 to the warmer condensation region 18. Exposure to that 
region raises the temperature of the refrigerant within the evaporative 
heat exchanger 42. The warmer refrigerant flows from the evaporative 
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heat exchanger 42 to the compressor 36 to be compressed and repeat 
the cycle. The process effectively transfers heat from the condensation 
region 18 to the evaporation region 12. Incorporation of the heat 
transfer system 28 or the Rankine cycle heat transfer system 34 affects 
the desalinization process because phase changes of water not only 
depend upon pressure but also temperature. By raising the 
of the evaporation region 12 and lowering the temperature of the 
condensation region 1 8, the pressure difference supplied by the blower 
16 can be reduced while still accomplishing the task of desalinization. 

[0020] 

Using the above described apparatuses and methods to desalinate 
water fulfill a timeless need for the improvement of energy efficiency 
when desalinating water. The use of the weight of water to reduce the 
pressure within the disclosed apparatus drastically reduces the 
electrical, chemical, or additional mechanical energy needed to acquire 
the proper pressures to perform the desalinization process. In short, the 
apparatus described utilizes the potential energy of the liquid in the 
liquid region 22 by reducing the pressure in the evaporation region 12 
and the condensation region 18. After reduction in pressure, the blower 
16 further creates the necessary pressure differential to condense the 
already vaporized water. While the blower does consume energy during 
operation, that energy consumption is much less than the conventional 
methods of desalinating water which usually require vacuum pumps, 
compressors or heat sources. Using the weight of the liquid in the liquid 
region 22 to reduce the pressure rather than using the conventional 
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means of reducing pressure provides great economical advantages 
over those conventional systems. First, the energy consumption is 
much lower because the potential energy of the water is constantly 
available and costs nothing once the water is in the liquid region 22. 
Second, by eliminating the use of compressors, vacuum pumps and 
heat sources, many maintenance issues and costs are avoided. This 
avoidance leads to lower operation costs and less chance of ceasing 
operation to perform repairs. 

[0021] 

Even in the second exemplary apparatus which includes a heat transfer 
system, the total energy consumption of the apparatus remains lower 
than conventional methods of desalinization. Although some 
conventional methods do incorporate compressors for achieving 
specific pressures and temperatures within the systems, they generally 
are used to perform much more work than the above described heat 
transfer systems 28 and 34. Since they perform more work, the 
conventional compressors consume more energy. In the disclosed 
apparatus, the majority of work required to achieve proper 
temperatures and pressures for desalinization are performed by the 
weight of the liquid in the liquid region 22. The heat transfer system 
implemented here would be used to achieve a slight temperature 
difference between the evaporation region 12 and the condensation 
region 18. For example, the heat transfer systems 28 and 34 provide 
great benefits when only operated to transfer heat equal to the latent 
heat of condensation from the condensation region 18 to the 
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evaporation region 12. Overall, the total energy consumption of the 
desalinization apparatus, even with the addition of a heat transfer 
system 28 or 34, is less than that of conventional methods of 
desalinization. 

[0022] 

Additionally, using the weight of a liquid as an energy source for 
evaporation is not limited only to desalinization. The method and 
apparatuses above can be modified to distill other mixtures. This is 
accomplished by adjusting the amount of liquid in the liquid region 22, 
the amount of work performed by the blower 16, and the amount of 
work performed by the heat transfer system 28 or 34 (if provided). 
Those three variables are adjusted to achieve pressures and 
temperature values within the evaporation region 12 and the 
condensation region 18 which are appropriate for evaporation and 
condensation, respectively, of the other mixture. It should also be noted 
that by varying the temperature of the mixture introduced into the 
evaporation region 12, the energy consumed by the system in order to 
vaporize the mixture is changed. For example, by introducing hot liquid 
into the evaporation region 12, the energy consumed by the system to 
vaporize that liquid is reduced. Likewise, a cooler liquid introduced into 
the evaporation region 1 2 would require more energy to be consumed 
by the system in order to vaporize the liquid. Raising the temperature of 
the mixture introduced into the evaporation region 12 also allows for 
successful operation of the apparatus with higher pressures in the 
evaporation region 12. Furthermore, the mixture need not be introduced 
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in liquid form. The inlet 14 could be modified to introduce solids into the 
system in pellet or granular form or otherwise. Under proper conditions, 
many solids change phases directly from solid to vapor form. Upon 
sublimation of the solids, the resulting vapor is then condensed into 
liquid form. 

[0023] Referring now to Figure 4, the thermal efficiency of the system is 

enhanced by positioning the condenser 44 in the liquid inlet 14, which 
raises the temperature of the inlet liquid. A restriction 46 creates a 
pressure difference in the inlet liquid, thereby facilitating vaporization. In 
this embodiment, pump 36 is a heat pump compressor. A degasifier 48 
has an inlet 50, with inlet 14 feeding from the degasified liquid 52. Drain 
54 permits the removal of sediments that form in degasifier 48. Gases 
are removed from degasifier outlet 56 by way of a vacuum pump (not 
shown). Similarly, gases are removed from evaporation region 12 at 
outlet 58 by way of a vacuum pump (not shown). 

[0024] 

Referring now to Figure 5, the system and method of the present 
invention my be used to provide refrigeration as well as distillation. In 
this embodiment, the pressure difference between evaporation region 
12 and condensation region 18 is provided by removing distilled water 
from liquid port 24. A restriction 58 creates a pressure difference 
sufficient to reduce the temperature in slurry section 60 to form a 
quantity of pumpable ice slurry 62. The slurry is then pumped by way of 
pump 64 through heat exchanger 66, to produce refrigerated fluid 68. 
Heat exchanger 66 can thus be used as, for example, a chilled water 
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air conditioner. Distilled water exiting the heat exchanger 66 is 
introduced into liquid region 22 though conduit 70, located at an 
elevation selected to maintain a desired pressure level. 

[0025] Finally, the apparatus described could be used for purposes wholly 
different than distilling mixtures. For example, liquid can be introduced 
through the inlet 14 and subsequently vaporized and condensed as 
described above. The accomplishment of those phase changes within 
the apparatus generally result in temperature differences between the 
evaporation region 12 and condensation region 18. Those temperature 
differences can be used in a refrigeration cycle as a heat source or 
sink. Doing so would effectively use liquid as a refrigerant. 

[0026] As will be recognized by those skilled in the art, the innovative concepts 
described in the present application can be modified and varied over a 
wide range of applications. Accordingly, the scope of patented subject 
matter should not be limited to any of the specific exemplary teachings 
discussed, but is instead defined by the following claims. 
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